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Land-surface Energy Budgets

• Investigating the partitioning of land-surface 
energy budgets of 20 AMIP II models reveals:

• Two clear clusters (SiBlings & buckets)
• SiBlings predict latent heat best 
• Intermediate climates hardest for all models
• In wet climates:

– models & reanalyses overestimate latent heat
– cf. reanals models underest. LH & overest. SH

• LH spatio-temporal correlations best in wet 
climates and worst in arid ones

• Improvements are possible with learning



From AMIP I to AMIP II
• What we learnt from AMIP I

– energy conservation was a problem
– soil water stores evolved during simulations
– no one LSS does best always
– ensemble of all LSSs performs better than individuals

• AMIP II process improved
– spin-up to gain equilibrium
– improved reporting & of more fields 
– more LSSs participating - wider variety of capability

• Current status
– 20 AMIP II AGCMs’ simulations released for analysis
– World leader investigating LS results and another 

AGCM LS reports are suspect as a result of DSP12



Participating Models & LSSs

• Models are:  CCMA, CCSR, CNRM, COLA, 
DNM, ECMWF, GISS, GLA, JMA, MGO, MPI, 
MRI, NCAR, NCEP, PNNL, SUNYA, UGAMP, 
UIUC, UKMO, YONU (A-T but not this order)

• LSSs include: buckets (Manabe 1969), SVATs 
(e.g. BATS, SiB), newer LSSs (e.g. UKMO)

• Some overlaps among models & LSSs:
– E & M same LSS & host AGCM; different resolution
– F & N same LSS but different version of host model
– I & J same LSS & host but different AGCM vert. res.
– L & Q same LSS but different AGCMs



Investigation of Energy Partition

• Search for validation data
– observations: none for global fields of interest eg LH
– VIC: LSS forced off-line & calibrated on world rivers
– reanalyses: ECMWF; NCEP-DOE; NCEP-NCAR

• Homogenise for analysis
– all models’ and reanalyses’ data are analysed at T63

• Sort by de Martonne climate types
Index = Precip / (Temp + 10)

• Precip is mean annual precipitation (mm); Temp is mean air 
temperature in oC;  7 types + Polar when Temp < -5 oC

– Data: Precip from CMAP;  Temp ensemble reanals

• Review basic conservation 



De Martonne Climates

• Map of the world here

Polar    Arid   S.Arid  Medit S.Hum Hum   V.Hum   E.Hum



Land-surface Energy Budgets

• Most models’ SEB within + 2 W m-2



Land-surface Energy Partition

• Energy budgets of 20 models (A-T) & 3 reanalyses

Latent Heat Flux W m-2

Scatter along 
diagonal shows 
differences in 
partitioning 
surface 
available 
energy

Scatter around 
diagonal is due 
to predictions 
of different 
values of 
surface 
available 
energy 



Land-surface Energy Partition

• Energy budgets of all but 2 or 3 models + 2 W m-2

Latent Heat Flux W m-2

DOE*

NCAR

ECMWF

SEB not 
fully closed :
assumes no 
net change 
in surface 
energy store.

AGCM P’s 
downward 
longwave
radiation is 30 
W m-2 > AMIP 
average



Normalised SEB Using Reanalyses

• SEB for 
each 
model 
normalised 
using the 
ensemble 
of the 
three re-
analyses 

Scaled latent heat W m-2
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Clusters Begin to Emerge

• M, Q, E & L 
are all SiB 
or SSiB
called the 
SiBlings 

SiBlings

Scaled latent heat W m-2
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Buckets
• P & O are 

both 
Manabe
1969 
‘buckets’



LSS Clusters in All Climates

• SiBlings & buckets

SiBlings

Buckets

Scaled latent heat W m-2
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Humid Climates a Challenge

• In wet climates (Humid, Very & Extremely Humid)

VIC– compared to 
reanalyses, 
models under-
estimate LH and 
over-estimate SH

– some spin-up 
problems still

Soil water

– models & reanalyses overestimate latent heat 
compared to VIC



Evaluating Performance

SiBlings best 
cf. VIC

VIC

LH too large 
in wet 
climates cf. 
VIC

Intermediate
climates
hardest 
because 
reanalyses 
agree best



Spatio-temporal Correlation

• LH correlation best for wet climates

Truths 
differ a lot;
E. Humid 
most 
agreement
Arid worst



Box-Whisker S-T Correlation

Box-
whisker 
plots of 
models  A 
to T

Arid

E. Humid

show:
latent heat 
correlation 
best in 
humid 
climates, 
worst in 
arid



Spatio-temporal Analysis

• LH migrates towards ensemble ‘target’ 
from Arid (worst) to E. Humid (best)

• SH opposite but ranges diminish less



Spatio-temporal Correlation

• Climate trajectories differ for SiBlings & 
buckets

• LH improves 
from Arid 
(worst) to E. 
Humid (best)

Bucket

SiBling

• SH flows the 
other way

• Bucket (O) SH 
v. small & low 
variability 

Bucket

SiBling



Overview & Exciting Results 
• Two clusters (SiBlings & buckets)
• Different trajectories in S-T space

• SiBlings best LH
• Intermediate 

climates hardest
• Humid climates 

overestimate LH
• Models predict 

lower LH than 
reanalyses

• S-T correlation 
best for wet

SiBlings

Buckets



AMIP II Land-surfaces: Summary 
• Land-surface energy budgets of 20 AMIP II 

models are overall better than those in AMIP I
– all but three ‘reasonable’ energy residuals < 2 W m-2

– for 11 the sum of fluxes lies within reanalyses

• ‘Truth’ for validation is still a problem
– reanalyses disagree & differ from VIC (validated)
– models near DOE (arid), NCAR(inter) & ECMWF(wet)

• SiBlings (a group) predict latent heat flux best
• Much more still to do

– Intermediate climates hardest for models
– For wet (humid) climates (spatio-temp. correlation is best)

• models & reanalyses overestimate latent heat
• compared to reanals, models underest LH & overest SH



Where to from Here?

• Land-surface predictions do matter 
– agriculture, water resources, community comfort

• Good news is that community overall is 
improving predictions at the land surface
– AMIP II has better LS skill than AMIP I

• Many schemes now get aspects of SEB right 
• Buckets are too poor to be useful
• Complex LSS - such as SiB - can do very well
• Improvements can come from detailed 

analyses such as these & learning application
• AMIP III (!!) will have GREAT land-surface skill





Land-surface Energy Budgets

• A few models have problems  e.g. P & K ?and G 
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Livermore National Laboratory (LLNL) uses software programs to monitor this Web site for security
purposes to ensure it remains available to all users and to protect information in the system. By accessing
this Web site, you are expressly consenting to these monitoring activities.

Unauthorized attempts to defeat or circumvent security features, to use the system for other than intended
purposes, to deny service to authorized users, to access, obtain, alter, damage, or destroy information, or
otherwise to interfere with the system or its operation is prohibited. Evidence of such acts may be
disclosed to law enforcement authorities and result in criminal prosecution under the Computer Fraud and
Abuse Act of 1986 and the National Information Infrastructure Protection Act of 1996, codified at section
1030 of Title 18 of the United States Code, or other applicable criminal laws.

Disclaimers

Disclaimer of Liability

With respect to documents available from this server, neither the United States Government nor the
University of California nor any of their employees, makes any warranty, express or implied, including the
warranties of merchantability and fitness for a particular purpose, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights.

Disclaimer of Endorsement

Reference herein to any specific commercial products, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or the University of California. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States Government or the
University of California, and shall not be used for advertising or product endorsement purposes.
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Copyright Status

LLNL-authored documents are sponsored by the U.S. Department of Energy under Contract
W-7405-Eng-48. Accordingly, the U.S. Government retains a nonexclusive, royalty-free license to publish
or reproduce these documents, or allow others to do so, for U.S. Government purposes. All documents
available from this server may be protected under the U.S. and Foreign Copyright Laws. Permission to
reproduce may be required.

LLNL is not responsible for the contents of any off-site pages referenced.

Privacy Notice
We collect no personal information about you when you visit this Web site, unless otherwise stated or
unless you choose to provide this information to us. However, we collect and store certain information
automatically. What we collect and store automatically is:

The Internet Protocol (IP) address of the domain from which you access the Internet (e.g.,
123.456.789.012) whether yours individually or provided as a proxy by your Internet Service
Provider (ISP)
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The date and time you access our site●   

The pages you peruse (recorded by the text and graphics files that compose that page)●   

And, the Internet address of the Web site from which you linked directly to our site.●   

We use the summary statistics to help us make our site more useful to visitors, such as assessing what
information is of most and least interest to visitors, and for other purposes such as determining the site's
technical design specifications and identifying system performance or problem areas.

This information is not shared with anyone beyond the support staff to this Web site, except when
required by law enforcement investigation, and is used only as a source of anonymous statistical
information.

Comments Sent by E-Mail
You may choose to provide us with personal information, as in an e-mail message containing your
comments or questions. We use this information to improve our service to you or to respond to your
request. There are times when your message is forwarded, as e-mail, to other LLNL employees who may
be better able to help you. Except for authorized law enforcement investigations, we do not share our
e-mail with any other outside organizations.
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